An emerging strategy for finding new epilepsy therapies is focused on botanicals (as illustrated by recent attention to medical marijuana), given their centuries-old traditions of use in treatment of convulsive seizures, contemporary anecdotal reports of efficacy in persons with epilepsy, and identification of underlying mechanisms of action that are relevant to epilepsy. Hundreds of plant extracts have been found to block seizures in acute animal seizure models, with actions that include effects on GABA receptors and voltage-gated ion channels as well as anti-inflammatory and neuroprotective effects. While existing published clinical studies of botanicals and seizure control are generally of inadequate quality to determine safety and efficacy, recent developments at the FDA may encourage sponsors to develop and commercialize botanicals for epilepsy.
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Current Review
In Clinical Science Thanks to the "buzz" generated by the recent intense media coverage of medical marijuana for treatment of children desperately ill with epilepsy, the concept of using botanical products to control seizures is now quite familiar to physicians and the lay public. However, many people may be unfamiliar with the rich and age-old history of botanical use to treat epilepsy, as exemplified by a recently published description of botanicals used for epilepsy in Traditional Chinese Medicine (TCM) by Xiao and colleagues from Sichuan University in Chengdu, China (1) .
Here, I highlight the emergence of botanicals and the related topics of unmet needs in epilepsy, the historical and current use of botanicals around the world, scientific and clinical aspects of botanicals for epilepsy, and regulatory considerations.
Unmet Needs in Epilepsy
It is widely acknowledged that nearly one in three patients with epilepsy (PWE) who have access to antiepileptic drugs (AEDs) continue to have seizures despite the large and growing number of available AEDs. Further, similar proportions of PWE experience unacceptable AED-related side effects and life-limiting cognitive and psychiatric comorbidities, which are under-recognized and undertreated; even when treated, symptoms may respond incompletely and further complicate seizure management (2, 3) . Even more troubling, among the tens of millions of PWE around the world who live in developing countries (4), the vast majority are not treated with AEDs due to a number of barriers (5) (6) (7) (8) . This situation is not unique to epilepsy; as a consequence, according to the World Health Organization, most persons in developing countries rely on botanicals for medical treatment (9) .
In recent years, incremental rather than transformative progress in the treatment of epilepsy has led to new strategies for the identification, development, and testing of epilepsy treatments (3, 10, 11) . One such "new" strategy centers on botanicals, drawing interest from their traditions of use in the treatment of convulsions, contemporary anecdotal reports of efficacy in PWE, identification of underlying mechanisms of action that are relevant to epilepsy, and, especially, the recent attention garnered by cannabis and its constituent compounds such as cannabidiol.
Historical and Current Use of Botanicals Around the World
Botanical products from plants-specifically herbs and herbal materials-may include any parts from the roots to the leaves and are prepared and administered in numerous ways. Botanicals were apparently used to treat convulsive seizures dating from 6000 B.C. in India (12) and from 3000 B.C. in China and Peru. The oldest Chinese document that details the treatment of epilepsy, The Yellow Emperor's Classic of Internal Medicine, attributed to Huang Di Nei Jing, was written from 770 to 221 B.C. Regions within Africa and South America also have longstanding traditions in the use of botanicals for convulsions.
Written and oral histories of these cultures' use of botanicals clearly lack the level of evidence required today to prove the safety and efficacy of AEDs. However, the dramatic appearance of convulsions-which would likely include primary as well as secondarily generalized seizures-is such that the therapeutic effects of a botanical treatment could reasonably be expected to be observable by PWE and family members and then reported to healers/herbalists (irrespective of the theories used by these practitioners to explain their effects), much the same as today when physicians rely on self-reports by PWE and family members to determine the effectiveness of AEDs.
Researchers and clinicians generally associate the use of botanicals with TCM, Ayurveda (a system of traditional Hindu medicine), and other ancient systems of healthcare, but herbal therapies were widely used and studied in the West for the treatment of epilepsy until these therapies were replaced by compounds (whether derived from plants or synthesized) in the mid-to-late 19 th and early 20 th centuries. For example, Sir William Gowers, whose clinical descriptions of seizures is unequaled even today, wrote extensively about his use of a number of different botanicals to treat PWE, including Cannabis indica and digitalis, the latter derived from the Foxglove plant (Digitalis purpurea; 14).
Scientific and Clinical Aspects of Botanicals for Epilepsy
The pendulum is now swinging back, fueled by modern methods of scientific inquiry. The understanding of botanicals and the rationale for their development for use in PWE are expanding as modern laboratory techniques increasingly reveal their biological properties. Hundreds of plant extracts have demonstrable anticonvulsant activity in acute animal seizure models (including models of focal seizures), and many of these actions have been attributed to the effects of flavonoids, furanocoumarins, phenylpropanoids, and terpenoids on GABA receptors and voltage-gated ion channels (15) . In addition, many botanical extracts have been shown to have anti-inflammatory, neuroprotective, and cognition-enhancing activities in laboratory studies (15) .
The clinical study of botanicals in PWE for seizure control is far less developed than the basic science, and the evidence is generally anecdotal and of poor quality (16) . Somewhat more substantial clinical evidence exists for the use of botanicals in the treatment of epilepsy-related comorbidities in PWE, including depression, anxiety, and attentional disorders (17) . Several challenges unique to herbal medicines must be overcome before conducting the clinical trials necessary for approval by regulatory agencies such as the US Food and Drug Administration (FDA). To this end, recommendations for conducting and reporting randomized clinical trials of botanical products have been published by experts in clinical trial methodology, pharmacognosy, and herbal products, who emphasized the importance of completely describing the herbal product with regard to name, manufacturer, plant part used, type of preparation, source and authentication of the herbal material, pharmaceutical quality, dosage regimen, and purity testing (17) .
Regulatory Considerations
Governmental regulations vary globally concerning the approval of herbal therapies for treatment of diseases. In the United States, prescription drugs are regulated by the Federal Food, Drug, and Cosmetic Act, whereas herbal therapies are covered separately under the 1994 Dietary Supplement and Health Education Act (DSHEA). DSHEA defines dietary supplement as a product taken by mouth that contains a dietary ingredient intended to supplement the diet. The dietary ingredients in these products may include vitamins, minerals, herbs or other botanicals, amino acids, and substances such as enzymes, organ tissues, glandulars, and metabolites (https://ods.od.nih.gov/About/dshea_wording.aspx. Accessed 8/9/15).
Two developments have significantly impacted the role of the FDA in overseeing the manufacturing and labeling of herbal therapies. First, in June 2007, the FDA issued "Current Good Manufacturing Practice in Manufacturing, Packaging, Labeling, or Holding Operations for Dietary Supplements" (http://www.fda.gov/ohrms/dockets/98fr/cf0441.pdf. Accessed 8/9/15), which significantly tightens manufacturing standards for dietary supplements, including herbal therapies, stating that they should substantially improve their quality. Second, in 2004, the FDA issued a policy guidance for the evaluation of the safety and efficacy of herbal therapies (referred to as botanical drug products) in mitigating, treating, curing, or diagnosing a disease. Depending in part on a particular product's route of administration, form/formulation, safety, and intended use, this guidance provides the regulatory pathway for FDA approval of herbal therapies for specific medical indications, potentially including epilepsy. Two botanical drugs have since been approved by the FDA: Veregen (sinecatechins; ointment, 15%; Medigene, Planegg/Martinsried, Germany), which is an extract of green tea (Camellia sinensis Kuntze) for the topical treatment of genital and perianal warts, and Fulyzaq (crofelemer; Salix Pharmaceuticals, Raleigh, NC), a proprietary oral extract of the blood-red latex of the South American croton tree (Croton lechlerii Müll. Arg), for the relief of diarrhea in patients with HIV/AIDS taking antiretroviral therapy (18) .
Example of Traditional Chinese Medicine
To help move this field forward, recent publications have synthesized a vast amount of preclinical and clinical information concerning botanicals (often from journals and other sources not readily available to Western researchers), and authors often provide the information in the contexts of both the associated traditional medical system as well as modern medical bioscience (1, 13, 15) . For example, Xiao et al. (1) started their review by describing the TCM classification of epilepsy and how the principles of TCM are applied to patients in combining herbs with other treatment modalities, such as acupuncture, massage, diet, and therapeutic exercise. They then provided a comprehensive overview of botanicals in current use in TCM based on an extensive search of PubMed and numerous Chinese databases, as well as hand searches of numerous Chinese journals and the latest Chinese pharmacopeia. Twenty-three botanicals were thereby identified, with detailed information given about each one, if available, with respect to their generic name, scientific name, Chinese name, traditional use, current clinical use, mechanisms of actions, results of animal studies, known chemical components, main active component, and side effect profiles. The authors conclude that plants with medicinal properties have "the potential to be a rich source for the identification of safer and more effective antiepileptic agents" (1) .
Conclusion
Like Xiao and colleagues (1), a number of research groups around the world are actively pursuing the study and development of botanicals for treatment of epilepsy. One published approach starts by identifying botanicals with a tradition of use over centuries in medical systems such as TCM and then applying modern methods to provide the scientific rationale for moving the study of these herbal therapies into clinical studies (19) . In this way, herbal therapies and compounds isolated from them that have promising activity in animal epilepsy models and relevant in vitro assays are then further assessed in preclinical studies that are necessary to proceed to early-stage clinical studies as per FDA regulations (19) .
Herbal therapies have the potential to yield new treatment options for patients whose seizures are uncontrolled despite available AEDs. They may also represent more affordable, culturally acceptable treatments for the tens of millions of people around the world with untreated epilepsy who do not have access to AEDs. Theoretically, herbal therapies could also be investigated for their potential to prevent epilepsy, seizure worsening, or progressive psychological changes (e.g., memory loss). Further, some of these extracts and their constituent compounds active in animal models of epilepsy may be found to have novel mechanisms of action that could lead to the identification of new molecular targets, thereby encouraging the development of additional pharmacological interventions for epilepsy (19) .
To facilitate the research community's efforts in this area, a publically available wiki will soon launch under the auspices of the ILAE that will constitute the most comprehensive repository available of current scientific and medical knowledge regarding botanical products in epilepsy, written and updated by credentialed experts who have published relevant research in peer-reviewed journals.
The traditions of use of botanicals for epilepsy throughout history provide a reasonable basis for their systematic evaluation using the latest scientific methods (20) , and as noted by Xiao et al. (1) , together with rigorous clinical trials, these traditions will ensure that "the legacy of botanicals . . . gains more impact and recognition. " History certainly supports this contention, suggesting that the current mantra of "bench to bedside" for development of epilepsy treatments from botanicals should be expanded to "tradition to bench to bedside" to fully translate nature to nurture.
